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MOTIVATIONMOTIVATION



WHY MUONS?WHY MUONS?

Electrons 
a re too li g h t

P rotons a re strong ly  
i ntera cti ng  &  

com p osi te

Muons ,  th ou g h  
u nsta b le &  u ntested

Discovery reach 
of  a f ew  T eV  ?

Discovery reach of  a 
f ew  1 0 ’ s of  T eV  ?

Discovery reach of   
1 0 0 - 1 0 0 0  T eV  ??



PLAUSIBLE FUTURE PLAUSIBLE FUTURE 

W ITH  M UO N  C O LLID ERSW ITH  M UO N  C O LLID ERS
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200-400 TeV pp

100 TeV muon

linear 1 PeV muon ???

140 TeV mu-p

1--10 TeV muon

0.5--1 TeV e+e-

LHC
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for hadrons = 1/6 x CoM energy

Symbiotic!

e ,  p  a n d  µ te ch n ol og ie s  
a r e  w or k in g  tog e th e r



HEP MOTIVATIONHEP MOTIVATION

Slide from Bill Willis 
( C olumbia U . )

“HEMC’99 Summary”

HEMC’99 W o rk s h o p ,

Mo n t auk ,  N Y ,  Se p t ’99



STUDIES ON STUDIES ON 

ENER G Y F R ONTIER  ENER G Y F R ONTIER  

MUON C OLLIDER SMUON C OLLIDER S



“µ+µ- Collider; a Feasibility Study”
(8 3  authors)
BN L - 5 2 5 0 3 , Fermilab- Conf- 9 6 / 0 9 2 , L BN L - 3 8 9 4 6
(“ the Snow mass book ”)

“ Status of M uon Collider R esearch and D ev elopment and Future Plans”  
(1 0 8  authors)
Phys. R ev . Special T opics, A ccel. Beams 2 , 0 8 1 0 0 1  (1 9 9 9 )
(“ the status report”)

MUON COLLIDER 

COLLA B ORA T ION S T UDIES

T he bulk  of the w ork  on energy frontier muon colliders has been done by 
the then- named M uon Collider Collaboration.  N ow  named the “ N eutrino 
Factory and M uon Collider Collaboration” or “ M uon Collaboration”, their 
focus has shifted to the related technology of neutrino factories although 
they are also sponsoring a study on “ From the N eutrino Factory to the H iggs 
Factory:  M uons all the Way”. T heir 2  main publications on muon colliders are:



HEMC’99 WorkshopHEMC’99 Workshop
• a  5 - d a y  w o r k s h o p  o f  4 8  a c c e l e r a t o r  &  H E  
p h y s i c i s t s ;  M o n t a u k ,  N Y ,  U S A ,   S e p t - O c t , 1 9 9 9 .

• a  f i r s t  a s s e s s m e n t  o f  t h e  l o n g - t e r m  p o t e n t i a l  

f o r  v e r y  H i g h  E n e r g y  M u o n  C o l l i d e r s .

h t t p : / / p u b w e b . b n l . g o v / p e o p l e / b k i n g / h e s h o p

AIP Conference Proceedings 530



� a very cheap, open study based on emails and web page; 
mailing list 1 5 6  M uon C ollab.  ( automatic)  +  1 4 4  non- C ollab.

� purpose was to k eep muon collider R & D  tick ing over 
until the f ield back s up its words of  support f or long- term 
accelerator R & D

� organiz ed by A llen C aldwell ( H E P )  &  B J K  ( accelerator)

� proceedings in publication on C D - R O M s  ( R inton P ress)

66-- M O N T H  S T U D YM O N T H  S T U D Y

http://pubweb.bnl.gov
/people/bki ng/m uc oll

Oct’00 – Apr’01



SNOWMASS!SNOWMASS!

http://pubweb.bnl.gov/people/
bk i ng/S nowm a s s - m um u

Will explore potential for HEP future with 
energ y  frontier m uon c ollid ers  s uc h as :

1) “ m u - L C s ”  a t  E CoM= 1. 6 - 10  T e V

2 ) 10 0  T e V  V e r y  L a r g e  M u o n  C ollider (VLMC)

(add- on m u on c ol l i ders u si ng  l i nac  f rom  T eV - sc al e e+ e- l i near c ol l i der)

…  w hi c h c an share f ac i l i ti es w i th a V L H C  



POSSIBLE POSSIBLE 

REALIZ ATIONSREALIZ ATIONS



STANDSTAND-- AL O NE  AL O NE  

M U O N C O L L I DE RM U O N C O L L I DE R
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  CHANNEL

(SCHEMATIC)

0 50 100 150 200 250   meters 

COLLIDER

DETECTOR

This is an example 
foot print  for a 4 00 
G eV  mu on collider.



SYMBIOTIC FACILITY: LINEAR SYMBIOTIC FACILITY: LINEAR ee
++
ee

-- COLLID ER +  MU ON COLLID ERCOLLID ER +  MU ON COLLID ER

First discussed by D. Neuffer, H. Edwards & D. Finley in Proc. Snowm ass’ 9 6

W ork s better for larg er, sup erconducting  cav ities ( “ T ESL A ” )

HEP results (LHC, Tevatron, νννν physics) will decide the actual add- ons: “ S wiss arm y k nif e accelerator”
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CoM .scm101  with  TeV  10 E  ~ L ×→POTENTIAL: (+ neutrino, s- ch annel Higgs factories)

C H ALLENG ES : a ) design of (very) h igh  performance muon cooling ch annel,  b ) integration into e+e-
collider design,  c ) maj or design constraints & luminosity cap to greatly suppress neutrino radiation
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100 TeV VL100 TeV VLMM C  w i t h  VLC  w i t h  VLHH CC

200 TeV pp

200 TeV pp
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100 GeV of SC rf

100 GeV of SC rf

100 TeV muon collider ring

100 TeV mu-mu

100 TeV mu-mu

140 TeV mu-p140 TeV mu-p140 TeV mu-p140 TeV mu-p140 TeV mu-p140 TeV mu-p140 TeV mu-p140 TeV mu-p
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 Collider & mu-p Collider

� common magnet R&D

� s ame tu nnel ,  or  s i d e- b y - s i d e

� common accel er ati on to ~ 5 0  T eV / b eam

� mu - p  col l i s i ons  at E ��� � ~  1 4 0  T eV

� full energy for muon collider

� ~ ½  energy for h adron collider

VLMC + VLHC symbiosis

Neutrino radiation => new, very isolated lab. for high luminosity V ery L arge M uon C ollider ( V L M C ) .

O n balanc e, tec hnic al diffic ulties not muc h worse than for lower energy muon c olliders.

( sligh tly less cooling needed;  recent 3 0  T eV  final focus design by R aimondi)

Plausible new energy frontier lab.:



“STRAW“STRAW--M AN ”  M AN ”  

M UO N  CO L L IDER M UO N  CO L L IDER 

PARAM ETER SETSPARAM ETER SETS

f o r  SN O WM ASSf o r  SN O WM ASS



VLVLMMC  @ 1 0 0  Te VC  @ 1 0 0  Te V

&&

m um u -- LC  @ 1 . 6LC  @ 1 . 6 -- 1 0  Te V1 0  Te V



SUMMARYSUMMARY

• M u o n  c o l l i d e r s  c o u l d  p l a y  a  c e n t r a l  r o l e  i n  
e x t e n d i n g  t h e  H E P  e n e r g y  f r o n t i e r .

• “This is exciting! How can I help?”
C o m e  t o  t h e  S n o w m a s s  s e s s i o n s  & / o r  s e n d  
a n  e m a i l  t o  b k i n g @ b n l . g o v  .



IONIZATION IONIZATION 

B EAM COOLING:B EAM COOLING:

SIGNATURE TECHNOLOGY & SIGNATURE TECHNOLOGY & 

D OM INANT TECHNICAL D OM INANT TECHNICAL 

CHALLENGECHALLENGE



“IT’S THE COOLING”“IT’S THE COOLING”

Simple concept:

However, Coulomb scattering and energy straggling compete with cooling,

A ) confines cooling to a difficult region of parameter space  (low energy, large angles)

B ) need to control beam energy spread to obtain req uired ~ 1 0

�

reduction in 6 - D  phase space:
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“emittance exchange”



We have:

a)  general theoretical scenarios &  specs. to reach the desired 6-D emittances

b)  detailed particle-by-particle track ing codes (modified G E AN T ,I COOL) &  (new) higher 
order matrix  track ing code (modified COS Y -infinity) +  (new) wak e field code interface

c)  engineering designs of pieces

d)  neutrino factory designs for factor of ~10 transverse cooling

e)  “ ring cooler”  design for MU COOL ex pt. with predicted full 6-D cooling by factor of ~3 2

COOLING: WHAT WE HAVE & WHAT WE COOLING: WHAT WE HAVE & WHAT WE 

NEED  NEX TNEED  NEX T

But we have yet to put the pieces together to “build the muon collider 
cooling channel on a computer”  = > T his is  our # 1  item of  business

1.41 m

LiH wedge absorber

Liquid hydrogen absorber

Direction of magnetic field

Solenoid coils

45 deg, R = 42 cm
Bending magnet

6.07 m

D 0.5 m

D 1.6 m

45

201 MHz cavity

Cuts off 1/2 of aperture 
(Balbekov, FNAL)

“ r i n g  c ooler ”

(Blac k, I I T )2  s u b- u n i t s  of  a c ooli n g  s t ag e

(c . f .  m u on  c olli d er  n eed s  ~ 1 0

�

~  3 2

�

)



OTHER OTHER 

C HALLENG ESC HALLENG ES



TARGETRYTARGETRY
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The figure is a rotating band geometry for a water- c ool ed inc onel ,  
nic k el  or titanium- al l oy target that ap p ears c ap abl e of effic ient p ion 
p roduc tion from M egawatt- sc al e p ul sed p roton beams.  P resented as 
K ing,  M ok hov ,  S imos &  W eggel  p oster TP A H 1 3 6 .



ACCELERATIONACCELERATION

Acceleration will be the main cost driver for energy frontier muon 
colliders. C ost reduction   = >   acceleration in ( e.g.)  F F AG  lattices.

T he figure shows a module of an F F AG  lattice for 1 0 -> 2 0  G eV   by 
T rboj evic ( +  C ourant & G arren) ;  a much higher energy version of this 
or similar – 2 5 -> 5 0  T eV  – would be needed for the 1 0 0  T eV  V L MC .



COLLIDER RINGCOLLIDER RING

The figure shows a recent breakthrough in final focus design for
V L M C ’ s:  a 3 0  TeV  final focus with beta* = 4 . 8  mm ( R aimondi, S L A C )

0.0 200. 400. 600. 800. 1000.

s (m)

dE/ p 0c = 0 .
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L*= 6.1 m, Bx,y*= 4.8 mm
VAX - ULTRIX version 8.23/06 18/04/01  18.51.40
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Ref. Rai m ond i  &  Z i m m er m ann,  C D  P r oc. 6 - M onth S tu d y  on M u on C ol l i d er s ;  O ct’ 0 0  – A p r ’ 0 1



NEUTRINO RADIATIONNEUTRINO RADIATION

muon collider

straight section

ν

ν

ν

µµµµ
“hot spot”

ϑν~1/γµ

(e.g. beam radius ~ 1 m at

50 km from 5 TeV muon beam)

Neutrino Radiation Disk ν

* ref. B.J. King, “ Potential Hazards from Neutrino Radiation at Muon Colliders”,  physics/9908017;

B.J. King, “Neutrino Radiation Challenges and Proposed Solutions for Many-TeV Muon Colliders”,  Proc. 

HEMC’ 9 9 ,  he p- e x /0005 006 .

νννν’s g i v e  a d d i t i o n a l  p h y si c s +  p o se  e x t r a  c h a l l e n g e s

NEUTRINO 

D ETEC TOR



THE RADIATION HAZARD !!THE RADIATION HAZARD !!

The hazard is charged particles from neutrino interactions in the 
surroundings . . .

The predicted dose rises sharply  w ith collider energy .   M any - TeV  
colliders w ith v ery  high luminosities may  need to b e located at 
specially  chosen sites,  e. g. :

νν

a) elevated

νν
b)  isolated

ν



Slides from Mike 
H arrison ( B N L )

“Magnet Challenges: 
T ec hno lo gy  and  
A f f o r d ab i li ty ”

H E MC’ 9 9  W o r k sho p ,

Mo ntau k ,  N Y ,  S ep t’ 9 9

ENCOURAGING!

Caveat: collider ring only;

acceleration m ay b e a f ew  
tim es  th is �

MAGNET COSTSMAGNET COSTS


